Plant Genetics: When Not to Interfere  by Copenhaver, Gregory P.
Current Biology Vol 15 No 8
R290
Gregory P. Copenhaver
In most eukaryotes, homologous
chromosomes can recombine and
exchange genetic information
during meiosis. Homologous
recombination has been an object
of great interest because it serves
to diversify allelic combinations in
subsequent generations and, when
it takes the form of crossovers, it
facilitates appropriate chromosome
segregation. Recombination is
initiated by DNA double-strand
breaks that are repaired by either
crossover or non-crossover
pathways [1]. Double-strand break
repair mediated by the crossover
pathway ultimately results in the
broken ends of one chromatid
being joined to the homologous
region of a non-sister chromatid.
Repair by the non-crossover
pathway makes use of a transient
association between the broken
ends and homologous sequences,
but does not result in a final
product that joins non-sister
chromatids, though it can result in
the exchange of information
between chromatids in the form of
gene conversion. In the budding
yeast Saccharomyces cerevisiae,
the decision to repair a double-
strand break by either the
crossover or the non-crossover
pathway is thought to occur early in
the recombination process [2].
In 1915, Alfred Sturtevant
discovered that crossovers in the
fruitfly Drosophila melanogaster
are distributed non-randomly, with
closely spaced double-crossovers
occurring less frequently than
expected [3]. Sturtevant dubbed
this phenomenon ‘crossover
interference’. It is now clear that
this interference is not
implemented the same way in all
organisms. For example, all
crossovers in the nematode
Caenorhabditis elegans appear to
be subject to interference, while in
the fission yeast
Schizosaccharomyces pombe
crossovers do not interfere with
one another [4,5]. 
Analysis of S. cerevisiae, and
more recently Arabidopsis thaliana
and humans, reveals a more
complex pattern of interference
[6–8]. These organisms appear to
have two classes of crossovers,
one that is sensitive to interference
(class I) and one that is not (class
II). Data from S. cerevisiae and A.
thaliana are beginning to reveal
molecular genetic commonalities
between organisms with dual-
crossover pathways. In this issue
of Current Biology, Mercier and
colleagues [9] describe analysis of
the Arabidopsis MER3 gene and
conclude that it has a role in the
class I crossover pathway.
S. cerevisiae msh4, msh5, zip1
and mer3 mutants exhibit a
reduced crossover frequency, but
retain a residual fraction of
crossovers that are insensitive to
interference [1,10–12]. In contrast,
mus81 and mms4 mutants also
have reduced levels of crossovers
but in these strains the remaining
crossovers are sensitive to
interference [13]. These
observations have led to the
suggestion that S. cerevisiae has
two biochemically distinct
crossover pathways. By
comparison, C. elegans msh4
mutants essentially abolish
crossovers, presumably because C.
elegans has only one crossover
pathway that is interference-
sensitive [14]. Until recently, S.
cerevisiae was the only organism
that presented evidence for two
distinct crossover pathways.
However, statistical analysis of
crossover distributions in wild-type
Arabidopsis support the conclusion
that it too has dual crossover
pathways [8]. These initial findings
have now been bolstered by
mutant analysis of the Arabidopsis
MSH4 and MER3 homologs [9,15].
MER3 was first identified in S.
cerevisiae in a suppressor screen
for mutations that would restore
the defective crossover phenotype
of the RNA splicing mutant mre2
[10]. As expected from the
suppressor phenotype, mer3
deletion mutants have a reduced
crossover frequency. Interestingly,
though, a fraction of crossovers
remain that do not display
interference. Further analysis
revealed that, in mer3 cells,
double-strand breaks are formed
but not repaired efficiently,
suggesting that Mer3 acts
downstream of double-strand
break formation, perhaps by
facilitating the formation of
recombination intermediates.
Consistent with this putative role,
the Mer3 protein has been shown
to be a DNA helicase capable of
promoting the formation of the
kind of joint DNA molecules seen
in recombination intermediates
[16,17]. How, or if, this function
relates to MER’s apparent
involvement in the regulation of
interference is unclear.
Mercier et al. [9] identified a
series of T-DNA insertion mutants
in the Arabidopsis MER3 homolog.
Analysis of chromosome behavior
in these mutants revealed a
significant reduction in crossing-
over (assessed by chiasma
frequency) and a high frequency
of unpaired homologs during
prophase of meiosis. The mutants
also showed severely reduced
fertility (13% wild-type seed set),
presumably a result of
chromosome mis-segregation.
Consistent with the yeast mer3
phenotype, crossing-over in the
Arabidopsis mutants was
reduced, but not eliminated, and
the residual crossovers showed
no evidence of interference. 
New evidence suggests that the model plant Arabidopsis has two
biochemically distinct pathways that produce genetic crossovers.
Studies in several organisms have revealed that one kind of crossover
regulation — crossover interference — is applied differently from
species to species. Arabidopsis appears to use an interference system
similar to that of budding yeast.
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Mercier et al. [9] also used
immunolocalization to examine
Rad51 foci in the mer3 mutants.
The Rad51 protein is a basal
component of the recombination
machinery that can be used as a
marker for all recombination
events, crossovers and non-
crossovers. In yeast, Arabidopsis
and other plants, the number of
Rad51 foci early in meiosis
significantly exceeds the number of
eventual crossovers. Presumably,
the additional foci are involved in
non-crossover events. Mercier et
al. [9] observed that the number of
Rad51 foci in the mer3 Arabidopsis
mutant did not differ significantly
from wild-type, suggesting that
while MER3 is required for a
specific class of crossovers —
those sensitive to interference — it
is not required for non-crossovers.
The new work of Mercier et al.
[9] nicely complements the recent
characterization of Atmsh4 mutant
phenotypes in Arabidopsis by
Higgins et al. [15]. T-DNA mutants
of the Arabidopsis AtMSH4 gene
have a similar phenotype to the
yeast msh4 mutant: both show
reduced recombination and, like
the yeast mutant, Atmsh4 plants
show evidence of impaired
interference. It is interesting to
note that, in the Atmsh4 mutant,
chiasma frequency is reduced to
~15% of wild-type, and in the
mer3 mutant it is reduced to
~23%. These values are both
roughly consistent with the
frequency of interference-
insensitive crossovers predicted
by the statistical modeling of inter-
crossover distances in wild-type
Arabidopsis [8]. 
Taken together, the statistical
analysis of wild-type crossover
distributions and genetic analysis
of mer3 [9] and Atmsh4 [15]
phenotypes strongly support the
presence of two crossover
pathways in Arabidopsis. Both of
these mutants involve the
interference-sensitive (class I)
pathway. If Arabidopsis does
indeed have two crossover
pathways, it should be possible to
recover mutants that disrupt the
interference-insensitive (class II)
pathway as well. 
Of the organisms in which
crossover interference has been
examined carefully, there appears
to be significant variation in how
(or if) it manifests itself. This
leaves us without a consensus
view of crossover interference —
what is interference like in most
organisms? Indeed, we are not
even able to answer this question
for most plants. Whether there will
be variation in interference
systems from species to species
among plants, as is true among
fungi, remains to be seen. A fuller
understanding of the proteins
involved in the regulation of
interference may facilitate
educated predictions.
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The Dlk1–Gtl2 region of the
mammalian genome contains a
number of imprinted genes,
expressed from only one parental
allele. Imprinted genes are often
involved in regulating foetal and
placental growth. As one might
expect, their products include
growth hormones, cell-cycle
regulators and proteins involved in
Genetic Imprinting: Conflict at the
Callipyge Locus
The imprinted Dlk1–Gtl2 region of the mammalian genome — which in
sheep encompasses the callipyge locus, known for its unusual mode of
inheritance — encodes a number of maternally expressed miRNAs.
Five of these miRNAs, hosted by the antisense transcript antiPeg11,
have now been shown to target degradation of the paternally
expressed Peg11 mRNA by an RNAi-mediated mechanism.
